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ABSTRACT 



A plate lens comprising a transparent base having two 
flat surfaces and having a plano-convex lens portion 
which is formed integrally with the transparent base, 
which has a refractive index greater than that of the 
transparent base and which has a subrsUntially semicir- 
cular or circular section in a direction perpendicular to 
the flat siirfarf**; of fhp tr^nsparen! base. The plate lens 
has a light-shielding layer on one surface of the trans- 
parent base, as needed. The light-shielding layer covers 
one surface of the transparent base such that a transpar- 
ent portion may be formed in the vicinity of a position 
opposing the central point or line of the plano-convex 
lens portion. The plate lens provides a clear and bright 
image and is therefore applicable to faceplates for vari- 
ous types of display devices, CRTs and the like. The 
plate iens may be mass-produced at low cost. 

35 Claims, 20 Drawing Figures 
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„. „. ,„ . „ the other of said two flat surfaces, and which covers the 

MANUFACTURING THE SAME portion is formed at a position to oppose a central point 

BACKGROUND OF THE INVENTION 5 °' !^!^^^LT^u . r.. 

In accordance with another aspect of this invention, a 

I Field of the Invention plate lens comprises: 

This invention relates to a plate lens comprising a a transparent base having two flat surfaces; and a 

transparent base which has flat surfaces and which plano-convex lens portion which is formed within said 

serves as a lens, and to a method for manufacturing the transparent base to be integrally therewith, which has a 
same. Tlie plate lens of this type may be used in various »0 refractive index greater than a refractive mdex of said 

CR?s,t 5i?£e "^"^ ^ transparent base, and which has a substantially circular 

2. Description of the Prior Art S^'" ^ perpendicular to said two flat 

A CRT generally comprises a thick glass plate so as t »u i i 
to withstand a relatively high vacuum. Light emitted 15 . the pUtc lens according to any aspect of this in ven- 
from a phosphor which is coated on the inner surface of dcscnbed above, light sources such as phosphor 

a glass plate of a faceplate of the CRT is dispersed dur- '^^^^ LEDs may be arranged on one surface of a 

ing transmission through the faceplate. This causes in- transparent base in correspondence with individual lens 

terference between light emiued from adjacent portions portions. Then, light rays radiated from the light 
of the phosphor and degrades the clarity of the overall 20 sources upon radiation with an electron beam or the like 

image. can be focused by the lens portions in the transparent 

In view of this problem, a CRT is known which uses base and from dot or linear images on the other surface 

as a faceplate a fiber plate which is obtained by bundling or in the vicinity thereof of the transparent base. In this 

a number of optical fibers parallel to each other and manner, light rays emitted from portions of small areas 

fusing the fibers together into a fiat plate, A CRT of this 25 on one surface of the transparent base and transmitted 

type is mainly used for daU transmission/reception in a therethrough are efficiently focused on the other sur- 

facsimile system However, with the faceplate of the face or in the vicinity therectf of the transparent base. A 

type d^cnbed above the amount of light transmitted clear image of high contrast may be formed without 

through the individual optical fiber is relatively small m r-imna hi..rri«<T tK* f^™ *k • i. j 

relation to that of light which becomes incident on the 30 n^S^^^^^ "^'T^ ^^^^^^ 

total area of the pla^ so that a satisfactory brightness Zlf ^ u "^^r^^'^^^^ 

may not be obtained. If small air bubbles or other for- ^""^ a junction plane extendmg throughout the direc- 

eign materials are trapped in the interface between the ^^"^ of thickness of the transparent base as in the fiber 

fused optical fibers, they impair the resisunce to a high P**^ ^"^^ mentioned, resulting in a mechanically 

vacuum and withstand voltage characteristics of the 35 strong and highly reliable plate lens void of vacuum 

resultant faceplate, thus rendering manufacture of the leakage. 

faceplate difficult For this reason, if a faceplate of this ^" * P^^te lens of the former aspect, scattered light 

type is to be used as a faceplate of a CRT having a which may be transmitted through the transparent 

relatively large area such as a TV, the faceplate be- base are cut by the light-shielding layer, so that blurring 

comes extremely expensive to manufacture and is not 40 of the spots forming an image and shading of colors nuiy 

therefore practical. be prevented ntiore effectively. In a plate lens of the 

Meanwhile, in a general display device which has a latter aspect, a shorter focal length may be easily ob- 

number of light sources such as LEDs and which selec- tained. 

tively turn on/off to display an image, improvements in The above, and other objects, features and advan- 

contrast of the image are desired. 45 tagcs of the invention, will be apparent in the following 

OBJECT AND SUMMARY OF THE INVENTION detailed description of illustrative embodimenU of the 

r.i. invention which is to be read in connection with the 

prilSer;£^Twt4T„i;t SV^^^^^ accotr^ying drawings wherein the san.e reference 

r 1 * r J T J ^Zr^ ' r^*, numerals are used to identify the same parts m the scv- 

a faceplate for a display device, a CRT or the like, and 50 ^^.^ ^-^^ ^ i» m uic scv 

which can form a clear and bright optical image. 

It is another object of the present invention to pro- BRIEF DESCRIPTION OF THE DRAWINGS 

vide a plate lens which cuts off unnecessary light to ^tt^ « ^ . . 

allow display or formation of a clear optical image. * ^ ^J"*! ^ according to an 

It is still another object of the present invention to 55 ^"^^""^'^ P^^cnt invention; 

provide a plate lens which is inexpensive to manufac- '""^"^ ^' ™ P^^^ »" 

ture and which may be mass-produced, and to provide ^' 

a method for manufacturing the same. ^ * of the plate lens shown in FIG. 

In accordance with an aspect of the present inven- ^» 
tion, a plate lens comprises: 60 EIGS. 4A to 4C sequentially show steps for manufac- 

a transparent base with two flat surfaces; a piano-con- turing the plate lens shown in FIGS. 1 to 3, wherein 
vex lens portion which is formed in the vicinity of one is a perspective view of a masked substrate, 
of said two flat surfaces of said transparent base to be ^G, 4B is a schematic vertical sectional view showing 
integrally therewith, which has a refractive index ^he state of ion-migraliun treatment of the masked sub- 
greater than a refractive index of said transparent base, 65 strate shown in FIG. 4A, and FIG. 4C is a schematic 
and which has a substantially semicircular section in a side view of the masked substrate after the ion-migra- 
direction perpendicular to said two fiat surfaces; and a tion treatment shown in FIG. 4B and a subsequent heat 
light-shielding layer which is formed in the vicinity of treatment; 
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FIG. 5 is a schematic perspective view of a plate lens 
according.to another embodiment of the present inven- 
tion; 

FIG. 6 is a vertical scctionaJ view of a pair of lens 
plates for illustrating steps for manufacturing the plate 
lens shown in FIG- 5; 

FIG. 7 is a perspective view of a CRT which uses as 
a faceplate the plate lens shown in FIG. 5; 

FIG. 8 is a vertical sectional view of a part of the 
faceplate of the CRT shown in FIG. 7; 

FIG. 9 is a schematic perspective view of a plate lens 
according to still another embodiment of the present 
invention; 

FIG. 10 is a side view of the plate lens shown in FIG. 

9; 

FIG. 11 is a vertical sectional view of the main part of 
a CRT which uses as a reflection preventive plate the 
plate lens shown in FIG. 9; 

FIG. 12 is a front view of a plate 1^ accordmg to 
still another embodiment of the present invention; 

FIG. 13 is a rear view of the plate lens shown in FIG. 
12; 

FIG. 14 is a front view of a plate lens according to 
still another embodiment of the present invention; 

FIG. 15 is a rear view of the plate lens shown in FIG. 
14; 

FIG. 16 is a front view of a plate lens according to 
still another embodiment of the prcaent mvcnttonr 

FIG. 17 is a rear view of the plate lens shown in FIG. 
16; and 

FIG. 18 is a front view of a plate lens according to 
still another embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

FIGS. 1 to 3 show a plate lens 10 according to an 
embodiment of the present invention. The plate lens 10 
comprises a flat transparent base 11 which is made of a 
glass or a synthetic resin and which has flat surfaces. A 
number of lens portions 12 having a substantially semi- 
circular vertical sectional shape are arrayed on one 
surface or a front surface llA of the transparent base 11. 

The lens portion 12 has a greater refractive index 
than that of the transparent base 11. A refractive index 
N(r) of that part of the lens portion 12 which has a 
distance r from a central point or line 12A has the distri- 
bution expressed by: 
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where NO is a refractive index at the center 12A on the 
surface llA of the transparent base 11, and A is a posi- 
tive constant. 

As described above, each lens portion 12 has a sub- 
stantially semicircular vertical section as shown in FIG. 
1. In the first embodiment shown in FIGS. 1 to 3, each 55 
lens portion 12 has a substantially semicolumnar shape 
as shown in FIGS. 1 and 2, and has the same refractive 
index distribution along its longitudinal direction. 

The surface of the transparent base 11 on which the 
lens portions 12 are not formed, that is, a rear surface 60 
IIB is integrally covered with light-shielding layers 14 
with alternating slit-shaped transparent portions 13 
therebetween. The transparent portions 13 correspond 
to the focal points or caustic curve of the light rays 
emerging from the corresponding lens portions 12. 65 

If the width of the transparent portion 13 is too wide, 
the light-shielding effect of the light-shielding layer 14 
is degraded. Thus, the width of each transparent por- 



tion 16 is preferably 60% or less of that of the lens 
portion 12. Generally in the present invention, thcjdiam- 
eter D of the lens portion 12 is preferable to fall within 
the range of 50;i to 2 mm. 

In the plate lens 10 as described above, the focal 
points or caustic curve may be located on the rear sur- 
face IIB or inwardly or outwardly thereof of the trans- 
parent base 11. Generally in the present invention, 
when the thickness of the plate lens 10 is t and the dis- 
tance from the focal points of the lens portion 12 to the 
rear surface IIB of the transparent base 11 is L (cf. FIG. 
10), it is preferable for L/t to fall within the range of 
-50% to +50%. 

When the plate lens 10 of the structure as described 
above is used, for example, as a faceplate of a display 
device, and when light-emitting elements such as LEDs 
arc arranged in correspondence with the lens portions 
12, diverging iight rays 15 emitted from an LED are 
focused by the plano-convex lens function of the corre- 
sponding lens portion 12 and form an optical image 16 
on the corresponding transparent portion 13 at the rear 
surface IIB of the transparent base 11. 

Scattered light rays 17 which do not form the image 
16 are cut off by the light-shielding layers 14. There- 
fore, a clear image consisting of a collected body of 
images 16 of good contrast may be formed. 

A preferable method of manufacturing the plate lens 

10 as described above will now be described with refer- 
ence to FIGS. 4A to 4C. 

As shown in FIG. 4A, on one surface llA of a trans- 
parent base 11 of an alkali-containing glass is formed an 
ion-migration preventive mask 21 which has a pattern 
obtained by inverting the flat pattern of the lens por- 
tions 12 into a negative pattern. The mask 21 has a 
number of slit-shaped openings extending parallel to 
each other and may be formed by high-frequency sput- 
tering of dtanium into a titanium film of about 2 thick- 
ness, for example. On the other surface IIB of the trans- 
parent base 11 is also formed an ion- migration preven- 
tive mask 22 which is similar to the mask 21 and which 
has a pattern obtained by inverting the pattern of the 
light-shielding layers 14 into a negadve pattern. Pattern- 
ing of the masks 21 and 22 may be performed by a 
known photolithography technique. 

Subsequently, as shown in FIG. 4B, with the front 
surface llA on which the lens portions 12 are to be 
formed facing downward, the masked transparent base 

11 is floated in a molten salt 23 containing ions of thal- 
lium (T), cesium (Cs), lithium (LiX or the like which 
contribute significantly to increase the refractive index. 
Four sides of the surface IIB of the transparent base 11 
are sealed with side plates 24 which define a rectangular 
cylinder. A molten salt 25, for example, a molten salt of 
silver nitrate containing glass coloring ions such as Ag, 
Cu or Au ions is filled in the space defined by these side 
plates 24. Reference numeral 27 deix>te3 a tank for hold- 
ing the molten salt 23 therein. 

Plate electrodes 26A and 26B such as titanium plates 
are immersed in the molten salts 23 and 25, respectively. 
The molten salts 23 and 25 and the transparent base U 
are kept at a temperature of about 560' C. At the same 
time, a DC voltage of about 10 V is applied across the 
plate electrode 26 A in the molten salt 23 at the side of 
the surface 11 A as an anode and the plate electrode 26B 
in the molten salt 25 at the side of the surface IIB. The 
treatment time is about 4 hours. 
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As a result of such a treatment as described above, 42 are of substantially columnnar shapes and extend 

thallium ions, for example, in the nK)ltcn salt 23 migrate parallel to each other. 

from the surface llA of the transparent base U of glass The plate lens 10 shown in FIG. 5 may be used as a 

at the side of the anode into the glass. At the same time, faceplate 31 of a CRT 30 as an example of an image 

Na ions in the glass arc released from the surface IIB at 5 transmission plate, as shown in FIG. 7. The plate lens 10 

the side of the cathode, and Ag ions migrate from the is adhered to the distal end of a funnel tube 32 of the 

molten salt 25 into the glass at the side of the cathode. CRT 30. In this case, a surface IIB of the plate lens 10 

This is considered to be attribuUble to the difference in with the light-shielding layers 14 formed thereon faces 

the ion diffusion speed at the two surfaces of the trans- outside the faceplate 31. As shown in FIG. 8, phosphor 

parent base 11; elution speed of Na ions is fast in the *0 layers 35 of, for example, stripe shapes are formed on 

glass surface at the cathode and electrical neutrality is ^*'<^ opposite surface llA of the plate lens 10, as in 

disturbed at this glass surface, so that Ag ions contained known faceplates. 

in the molten salt at the side of the cathode diffuse in the ^" ^^'^ ^ ^ described above, when an electron 

reverse direction to that of the electric field. bczm from an electron gun 33 is irradiated onto the 

Then, the horizontally extending lens portions 12 of phosphor layer 35 to excite it, emitted light rays 36 

crescent sectional shapes and having the refractive diverge and become incident on the plate lens 10. The 

index distributions corresponding to the concentration ^^^^^ ^ vertically focused by the lens portion 

proilie of ihaihum ions are formed on the side of the - - section to form an image 37 on an outer 

surface llA of the transparent base 11 at the side of the surface of the plate lens 10. 

anode. Simultaneously, Ag ions arc doped into the ^ Typical specifications of the faceplate 31 shown in 

transparent base 11 through those portions of the sur- 8 may be as follows: thickness t of the plate lens 

face IIB which are not covered by the mask 2Z diameter D of the lens portion 42- 200^., 

After removing the transparent base 11 from the tank ^j;>dth Wl of the phosphor layer 35= 120^ pitch LO of 

27, and removing the masks 21 and 22 from the trans- phosphor layers 35 = 200^ width W2 of a transpar- 

parent base 11, the transparent base 11 is subjected to a P^^^^" ^"^^ 1*^= W3 of 

heat treatment at about 600* C for several to several hght-shieldmg layer 14 between adjacent transpar- 

tens of hours. Then, as shown in FIG. 4C the sectional ^fz^^ a refractive index of the tnmspar- 

shapes of the lens portions 12 change from crescent to ^J^^^VrJ:^ ' V. ^ the central line 

semicircular shapes, and the refractive index distribu- ^ n.'^^STrr^I^r.I^ ' r.t^''^ T^'T 

tions of the lens portions 12 may approximate to relation ^7.^? ^^r^V-^^^n^T' ' * 

(I) above. At the same time, LZy^ doped with Ag ""^^^jr^^'l. ^^^^ D/2f=0.075. 

' • I . , 11 • J i-r r A • .C^ ^ r Smce the lens portions 42 are of columnar shape and 

■o„s » cotor«l by col o.dahty of Ag -ons. th^y form- horizontally, the light rays 36 are focused ^ly in 

mg colored ••«ht-^h,rfd.ng layers 14 The hght-shield.ng ^^^^ ^ » ^^^^ ^ ^ 

uiyerei* may <xio™eaDyaopmgtM transparent 35 tal direction. However, human eyes can move far faster 

11 of gla« with coloring .ons as m the above embod,- horizontally than c«, move vertically. When the user 

ment. or by forming l.ght-sh,cldmg Hlms on the surface overlooks the screen of the CRT 30 shown in FIG. 7 or 

ol Uie transparent base 11 by deposition, pnntmg, sput- t^e surface llA of the faceplate 31, the image 37 may 

termg or the like- . ^ . , not be partially shielded by the light-shielding layers 14. 

T5q>ical specificauons of the plate lens 10 shown m ^ Furthermore, focusing in the vertical diction in- 

FIGS^ 1 to 3 may be as foUows: thickness t of the plate ureases brightness and allows easy recognition of the 

lens 10=5 mm, diameter D of the lens portion image. 

12= 175j^ width W of the transparent portion 13= 10^, „ ^ ^^ted that, in FIG. 8, a display panel may be 

and pitch P of the transparent portions=I75>i, a rcfrac- obtained by using other small light sources such as 

tive mdcx of the transparent base 11= 1.513, a refractive 45 lEDs in place of the phosphor Uycrs 35. 

mdcx at the central line 12A of the lens portion 12, that piGS. 9 and 10 show a plate lense 10 according to 

a^^e rclauon (1)= 1.553, and A m above still another embodiments of the present invention. In 

relation (1)- 6.73. this embodiment, the common parts to those in the 

FIG. 5 shows a plate lens 10 according to another embodiment shown in FIGS. 1 to 4 are denoted by the 

embodiment of the present invention. The common 50 common reference numerals. 

parts of this embodiment to those in the embodiment The plate lens 10 sl^wn in FIGS. 9 and 10 is obtained 

shown in FIGS. 1 to 4 have the common reference from the plate lens in FIGS. 1 to 3 due to replacing the 

numerals. light-shielding layers 14 formed integrally with the 

The plate lens 10 shown in FIG. 5 comprises a lens transparent base 11, with separate Ught-shielding layers 

plate lOA with light-shielding layers 14, which is of 55 44 formed on a rear surface 11 B of a transparent base 11. 

basically the same configuration as that of the plate lens The light-shielding layers 44 have basically the same 

10 shown in FIG. 1 but which has larger dimensions, pattern as those 14 of the plate lens 10 shown in FIGS, 

and a lens plate lOB of basically the same configuration l to 3. The light-shielding layers 44 may comprise metal 

as the lens plate lOA except that the light-shielding films such as Ti films which are formed by sputtering or 

layers 14 are not formed. More specifically, as shown in 60 the like, 

FIG. 6, the plate lens 10 is obtained by opposing a pair In the plate lens 10 shown in FIGS. 9 and 10, focal 

of lens plates lOA and lOB with lens portions 12 facing points or caustic curve 18 is located inwardly of the rear 

each other and by adhering them together by thermal surface IIB of the transparent base 11. 

fusion, adhering, or the like. As shown in FIG. 5, the Typical specifications of the plate lens 10 shown in 

plate lens 10 has a number of lens portions 42 of circular 65 FIGS. 9 and 10 may be as follows: thickness t of the 

sectional shapes which extend horizontally at substan- plate lens 10=5 mm, diameter D of a lens portion 

tially the intermediate portion of a transparent base 11 12= 175fi, width W of a transparent portion 13= lO/x, 

in the direction of thickness thereof. These lens portions pitch P of the transparent portions 13 = 1 75^ distance L 
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from the focal poinU of the lens portions 12 to the rear plate lens shown in FIGS. 12 and 13. Thus, in the plate 

surface IIB of the transparent base 11=2 mm, a refrac- lens 10 of this embodiment, one scmispherical lens por- 

tive index of the transparent base 11=1.513, a refractive tion 12 and one circular transparent portion 13 are 

index at the central line of the lens portion 12, that is, formed in a rectangular transparent base 11. 

NO in above relation (I)= 1.553, A in above relation 5 The plate lenses shown in FIGS. 12 to 17 may also be 

{1)=6.73, and a numerical aperture of the lens manufactured by the method shown in FIGS. 4A to 4C; 

D/2f= 0.065. openings of ion-migration preventive masks 21 and 22 

The plate lens 10 shown in FIGS. 9 and 10 may be are formed in circular shapes in place of slit shapes. As 

used as a reflection preventive plate of a CRT 30 as in the case of the plate lens shown in FIGS. 1 to 3, the 
shown in FIG. 11. The plate lens 10 is adhered to the 10 plate lenses shown in FIGS. 12 to 17 may be used for 

front surface of a faceplate 31 of the CRT 30 such that image display devices and for other similar devices. The 

a front surface llA with lens portions 12 thereon may plate lens shown in FIGS. 12 and 13 and that shown in 

face outside. In this case, the axis of the lens portion 12 FIGS. 14 and 15 may be used as a faceplate of a CRT in 

may be oriented horizontally as shown in FIG. 11; it a transmission/reception device of a facsimile system, a 
may also be oriented obliquely or vertically. As in the 15 printer or the like. 

case shown in FIG. 8, phosphor layers 35 of. for exam- RG. 18 shows a plate lens 10 according to still an- 

ple, stripe shapes are formed on the inner surface of the other embodiment of the present invention, 

faceplate 31. The phosphor layers 35 are arranged in The plate lens 10 shown in FIG. 18 may be obtained 

one-toonc correspondence with the transparent por- by using lens portions 42 of spherical shapes in p^^ce of 
tions 13. 20 those of columnar shapes formed on the front surface 

In the CRT 30 shown in FIG. 11. external light rays llA of the transparent base 11 of the plate lens shown in 

15 which become incident on the plate lens 10 through FIG. 5. In the plate lens 10 of this embodiment, a nura- 

its front surface lOA are guided to the rear surface IIB bcr of spherical lens portions 42 arc arranged in a matrix 

with the light-shielding layers 44 thereon while they are form in a rectangular transparent base 11. Thus, the 

focused by the lens portions 12 and diffuse again. There- 25 plate lens 10 has a lens matrix. Each spherical lens por- 

fore, most of the external light rays 15 are absorbed by tion 42 has the refractive index distribution expressed 

the light-shielding layers 44, and they are scarcely re- by relation (I) above in accordance with the distance r 

fleeted by the rear surface IIB to be guided to the out- from the center of the lens portion 12. In the plate lens 

side through the front surface llA. Light rays 36 emit- 10 of this embodiment, transparent portions 13 are 

ted by the phosphor layers 35 arc guided to the lens 30 formed in circular shapes at positions corresponding to 

portions 12 through the transparent portions 13 and are the centers of the spherical lens portions 42, as in the 

focused by the lens portions 12. A user watching a TV case of the plate lens shown in FIGS. 12 and 13. 

can thus observe a clear image of good contrast with The plate lens 10 shown in FIG. 18 may also be used 

practically no reflecting light and dark background of as a faceplate 31 of a CRT 30 as shown in FIG. 7 as in 

the light-shielding layers 44. 35 the case of the plate lens shown in FIG. 5. In this case, 

FIGS. 12 and 13 show a plate lens 10 according to phosphor layers 35 which are formed on the inner sur- 

still another embodiment of the present invention. face of the faceplate 31 arc preferably formed in dot 

The plate lens 10 shown in FIGS. 12 and 13 may be shapes in one-to-one correspondence with the spherical 

obtained by using scmispherical lens portions 12 in lens portions 42. Thus, a number of phosphor layers 35 

place of semicolumnar lens portions formed on the front 40 arc formed in a matrix form. Light rays radiating from 

surface 11 A of the transparent base 11 of the plate lens the phosphor layers 35 or spot-shaped light sources are 

10 shown in FIGS. 1 to 3. In the plate lens 10 shown in focused into a substantially circular spot shape in the 

FIGS. 12 and 13, a number of scmispherical lens por- vicinity of the front surface of the faceplate, 

tions are arranged in a matrix form in a rectangular The plate lens shown in FIG. 18 may also be manu- 

transparent base 11. Thus, the plate lens 10 has a lens 45 factured by the method shown in RGS. 4A to 4C and 

matrix- Each scmispherical lens portion 12 has a refrac- 6, In this case, the openings of the ion- migrating pre- 

tive index distribution expressed by relation (I) above in venting masks 21 and 22 are formed in circular shapes in 

accordance with the distance r from the center of the place of slit-like shapes. Light-shielding layers 14 may 

lens portion 12 on the front surface llA of the transpor- be omitted in the plate lens 10 shown in FIG. 18. as 

ent base 11. In the plate lens of this embodiment, tight- 50 needed. 

shielding layers 14 cover substantially the entire rear Although illustrative embodiments of the invention 

surface IIB of the transparent base 11 such that circular have been described in dctaU herein with reference to 

transparent portions 13 may be formed in the vicinities the accompanying drawings, it is to be understood that 

of the focal point of the scmispherical lens portions 12, the invention is not limited to such precise embodiment, 

in other words, in the vicinities of portions of the optical 55 and that various changes and modifications may be 

axes of the lens portions 12, effected therein by one skilled in the art without depart- 

FIGS. 14 and 15 show a plate lens 10 according to ing from the scope and spirit of the invention as defined 

still another embodiment of the present invention. in the appended claims. 

In a plate lens 10 of the embodiment shown in FIGS. What is claimed is: 

14 and 15, only one row of scmispherical lens portions 60 1. A plate lens comprising: 

12 is formed. In this plate lens 10, one row of the semi- a transparent base with two flat surfaces; 

spherical lens portions 12 and one row of the circular a plano-convex lens portion which is formed in the 

transparent portions 13 are formed for an elongated vicinity of one of said two flat surfaces of said 

rectangular transparent base 11. transparent base to be mtcgrally therewith, which 

FIGS. 16 and 17 show a plate lens according to still 65 has a refractive index greater than the refractive 

another embodiment of the present invention. index of said transparent base, and which has a 

A plate lens 10 shown in FIGS. 16 and 17 only has substantially semicircular section in a direction 

one scmipherical lens portion 12 similar to those of the perpendicular to said two flat surfaces; and 
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a light-shielding layer which is formed in the vicinity 
of the other of said two flat surfaces, and which 
covers the other of said two flat surfaces such that 
a transparent portion is formed at a position to 
oppose a central point or Hnc of said lens portion. 
2, A plate lens according to claim 1, wherein said two 
flat surfaces are parallel to each other. 

3- A plate lens according to claim 1» wherein a flat 
surface of said lens portions of the semicircular section 
which corresponds to a chord of the semicircular sec- 
tion is coplanar with the one of said two flat surfaces. 

4. A plate lens according to claim 1, wherein said lens 
portion of the semicircular section has a refractive index 
distribution such that the refractive index is maximum at 
a center thereof corresponding to a center of a chord of 15 
the semicircular section and gradually decreases para- 
bolically outwardly. 

wherein a plurality of said lens portions are arranged in 
one or both of a vertical direction and a horizontal 
direction of said transparent base. 

6. A plate lens according to any one of claim 1, 
wherein said lens portion has a substantially semi- 
columnar shape and extends in a direction parallel to at 
least one of said two flat surfaces. 

7. A plate lens according to claim 6» wherein said 
transparent portion is formed in a slit shape in corre- 
spondence with said lens portion of the semi*columnar 
shape. 

8. A plate lens according to claim 6, wherein a width 
of said transparent portion is not more than 60% of a 
width of said lens portion. 

9. A plate lens according to claim 1, wherein said lens 
portion is of a substantially semi-spherical shape. 

10. A plate lens according to claim 9, wherein said 
transparent portion is formed in circular shape in corre- 
spondence with said lens portion of the semi-spherical 
shape. 

11. A plate lens according to claim 1, wherein said 
light-shielding layer comprises a layer which is formed 40 
by doping said transparent base made of a glass with 
coloring ions. 

12. A plate lens according to claim 1, wherein said 
light-shielding layer comprises a metal film which is 
deposited on the other of said two flat surfaces of said 45 
transparent base. 

13. A plate lens according to claim 1, wherein a focal 
point or a caustic curve of said lens portion is located 
substantially on the other of said two flat surfaces of 
said transparent base. 

14. A plat^cns according to claim 1. wherein a focal 
point or a caustic curve of said lens portion is located 
inwardly of the other of said two flat surfaces of said 
transparent base. 

15. A method for manufacturing a plate lens having 
a transparent base with two flat surfaces; 
a plano-convex lens portion which is formed at one of 

said two flat surfaces of said transparent base to be 
integrally therewith, which has a refractive index 
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comprising the steps of: covenng the one of said two 
flat surfaces of said transparent base of a glass with 
a first ion-migration preventive mask having an 
opening substantially corresponding to said lens 
portion, and covering the other of said two flat 
surfaces with a second ion-migration preventive 
mask having an opening substantially correspond- 
ing to said transparent portion; and 
bringing, through said first ion-migration preventive 
mask, the one of said two flat surfaces of said trans- 
parent base into contact with a first molten salt 
conuining ions having a great contributing effect 
to increase the refractive index of said transparent 
base, thereby forming said lens portion, and simul- 
taneously bringing, through said second ion-migra- 
tion preventive mask, the other of said two flat 
surfaces of said transparent base into contact with a 

nuvn^^ _»u,u « _i 1 : ■ 

thereby forming said light-shielding layer. 

16. A method according to claim 15, wherein said 
transparent base is subjected to a heat treatment after 
being brought into contact with said molten salts. 

17. A plate lens comprising: 

a transparent base having two flat surfaces; and 
a plano-convex lens portion which is formed within 
said transparent base to be integrally therewith, 
which has a refractive index greater than the re- 
fractive index of said transparent base, and which 
has a substantially circular section in a direction 
perpendicular to said two flat surfaces. 

18. A plate lens according to claim 17, wherein said 
two flat surfaces are parallel to each other. 

19. A plate lens according to claim 17, wherein a 
focal point or a caustic curve of said lens portion is 
located substantially on at least one of said two flat 
surfaces of said transparent base. 

20. A plate lens according to claim 17, wherein said 
lens portion is located at substantially the center of said 
transparent base in the direction of thickness thereof. 

21. A plate lens according to claim 17, wherein said 
transparent base comprises an integral unit of two trans- 
parent lens plates each having a lens portion of a semi- 
circular sectional shape on one surface thereof, said 
lenses of the semicircular sectional shape of said trans- 
parent lens plates opposing each other to form said lens 
portion having the substantially circular section. 

22. A plate lens according to claim 17, wherein said 
lens portion of the circular section has a refractive index 
distribution such that the refractive index is maximum at 
a center thereof corresponding to a center of the circu- 
lar section and gradually decreases parabolically out- 
wardly. 

23. A plate lens according to claim 17, wherein a 
plurality of said lens portions are arranged in one or 
both of a horizontal direction and a vertical direction of 
said transparent base. 

24. A plate lens according to claim 17, further com- 
prising a light-shielding layer which is formed at one of 
said two flat surfaces, and which covers the one of said 



greater than the refractive index of said transparent 60 two flat surfaces such that a transparent portion may be 



base, and which has a substantially semicircular 
section in a direction perpendicular to said two flat 
surfaces; and 

a light-shielding layer which is formed at the other of 
said two flat surfaces; and which covers the other 
of said two flat surfaces such that a transparent 
Ix)rtion is formed at a position to oj?fx>se a central 
point or line of said lens portion, said method 



formed at a position corresponding to a central point or 
line of said lens portion. 

25. A plate lens according to any one of claim 24, 
wherein said light-shielding layer comprises a layer 

65 which is obtained by doping said transparent base of a 
glass with coloring ions. 

26. A plate lens according to any one of claim 24, 
wherein said light-shielding layer comprises a metal 
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film which is deposited on the one of said two flat sur- 
faces of said transparent base. 

27. A plate lens according to any one of claim 24, said 
transparent portion has a slit shape corresponding to 
said lens portion of a columnar shape. 5 

28. A plate lens according to claim 27. wherein the 
width of said transparent portion is not more than 60% 
of the width of said lens portion. 

29. A plate lens according to claim 24, wherein said 
transparent portion has a substantially circular shape 10 
corresponding to said lens portion of a spherical shape. 

30. A plate lens according to any one of claim 17, 
wherein a light source is arranged at the other of said 
two flat surfaces of said transparent base to be in corre- 
spondence with said lens portion. 15 



824 

12 

31. A plate lens according to claim 30, wherein said 
light source comprises a phosphor 

32. A plate lens according to claim 30, wherein said 
light source comprises a light-emitting diode. 

33. A plate lens according to any one of claim 17, 
wherein said lens portion has a substantially columnar 
shape and extends in a direction parallel to at least one 
of said two flat surfaces. 

34. A plate lens according to claim 17, wherein said 
lens portion is of a substantially spherical shape. 

35. A plate lens according to claim 17, wherein a 
focal point or a caustic curve of said lens portion is 
located on at least one of said two flat surfaces of said 
transparent base. 

***** 
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[57] ABSTRACT 

There is disclosed a partially transparent, directional view- 
ing sheet fonned ci plastic matm'al with lenses, preferably 
lenticular lenses, fonned on both the front and the back 
smfaoes of the sheet, there being on at least one oi the 
surfaces intervening q>aces between tiie lenses which spaces 
are not fully transparent and may be inqirinted with an inu^e 
that is viewaUe through the ^eet from some directions. 
PrcferaUy such lenses separated by non-transparent inter- 
vening spaces are concave lenses with a radius of curvature 
which is less than the radius of curvature of convex lenses, 
on the other surface, causing the concave lens focal length 
to be less than, typically about one-half of, the focal length 
of the convex lenses. The thickness of ttie sheet and hence 
the spacing between each concave lens and a oacre^>onding 
convex lens causes tiie lenses axial spacing to be about the 
difference in focal lengths <^ the lenses producing the effect 
of a tiny Galilean telescope. The view through such a sheet 
in a direction substantially aligned witii the optical axis of 
the tiny telescope is a minimalty distorted view of objects 
distant from or near to the opposite side of the sheet while 
off-axis viewing will present &e image inqrinted on the 
intervening spaces betwe^ the concave lenses on the back 
surface of the sheet Alternative embodimrats employ intru- 
sive mask elements between concave lens elements facili- 
tating use for directional contrxd of sdksr energy while 
mai'irfaining image transmission for one direction of view- 
ing. 

19 OaiBS, 6 Drawng Sheets 
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DIRECTIONAL IMAGE TRANSMISSION small radius lenses which will noanalty be a smooth flat 

SHEET AND METHOD OF MAKING SAME surfacc-Thisflatsmfacemayoccopyappffoximately half the 

area of the sheet on one side and may be imprinted by 

This i^jplicaticxi is a continuation-in-part of ^jplication generally conventional panting tedmiques with a desired 

titled; SIDING OR ROOFING EXTERIOR RANELS FOR 5 monochrome or mnlti-a^or image, for example, one suit- 

CONTROLLED SOLAR HEATING, Serial Na 07/948, abk for packaging film or incoiporatiQn in a pcodact pack- 

109, filed Sep. 21, 1992, U.S. Pat Na 5^03^25, which is age. As will later be cq)laincd, the preferred embodimMit of 

a continuatiott of plication titled SIDING OR ROOFING the directional image transmission sheet is oqiable of pre- 

EXTERIOR PANELS FOR CONTROLLED SOLAR scnting an effectively transparent diaractcristic with a higji 

HEATING, Sedal No. 07/524,975, filed May 18, 1990, now lO ttansmissicHi coefficient and low distortion for viewing from 

abandoned, and this application is a continuation-in-part of one direction, such as perpendicular to the sheet When 

ipp^czdon titled SOLAR ENERGY CONTRCH- FILM viewed from another direction, such as at a side angle of 45°, 

AND PROCESS, Serial No. 07/779,646, filed Oct 21, 1991, the sheet does not appear to be transparent, but rather the 

winch is a continuation in part d application titled SIDING printed matter oa the back surface of the sheet is visible 

OR ROOFING EXTERIOR PANELS FOR CON- 15 substantially without distortion. 

IKOIXED SOLAR HEATING, Sedal No. 07/524,975, filed In addition to providing the features and advantages 

provide a thin transparent plastic sheet material having 

BRIEF SUMMARY OF THE INVENTION costvoi lenses embossed or otiiowisc fanned in a first 

TK- t;™ tr^^^^^t ^ ^ surface thereof which match one-to-one with lenses 

Tne present mvention relates to transparent or senu- . . ^ .. j.^i.i__c ^ ^ 

♦«*«jr-* ™ .^^i^ embossed or otherwise ftamed m the back surface of the 

transparent sheets which are oonnguied to transmit certain . _^ ^ ^ _^ ^ i i_ . 

i;„ki3Tl^, ^ i„.„^ Air^^^*^ ^ sheet with the rada of curvature of the lenses being detcr- 

ncbt: energy or images naving certain directions or propa- .j^ • ^ ^ ^ 

3;™ ^u^ZZ,.^ ^ mined to cause the focal point of eadi leas on the first 

forTodiicing panels for controUed solar heatiog as T^^^^^^^'^^^'^J^l^^ 

<k»«^dte^y?ri<»apiJicadonsid^ f ^ r^KfT?^*^! J^^^''*!^^ 

fui1beruses,J^te>«>Btrollliigl^ djert nuUcnid substMtoflyjwthort 

bandmg windowTin gteenhotis^oT^n^ote display ^^"^ " papcndicular to the sheet 

screens, and in in^idnted packaging film. The relevant ^ 

portions cf the descrq)ti<Hi of my previous jqjpHcations another object (rf the present mvention to provide 

identified above is inoHpotated herein by reference. » sheet material wliercin fte lenses on the front surface 

, . . ^ . * 1 1 1 of the dicet arc convex, and the lenses on the bade surface 

ft has Igds been known to incorporate lenticular lenses m x *l l * • j; * * c 

- ^p^. , _^ . ^ - J . , . * J of tiie sheet arc concave havmg a radius of curvature of no 

a surface ofthm plastic sheet material aitd to place a prmted . ^ t™^*„ *t.;^ Il ^ * 

. . £^ 1. ^ J greater than about two-thirds the nuhus of curvature of the 
miage on the opposite surface of me sheet matcnal arranged 35 ^ knses. 
so diat tiie apparent image as viewed from different direc- 
tions d«)ends m)on the direction erf viewing with three cr It is stiUanodicr objects the present invention to provide 
more diffcrcm images bdng presented to the vicwcx as the \ ^ """^ ^?.}^^ ^ elongated 
direction of viewing changes. Such sheet matcdab have Icnticul^ 1^ arranged m a paraUel fashion and whcrcm 
been used to produce moving image novelties and to pr<^ 40 the width of the lei^ ab^^ 
ducestffcoscoiMcefiftxtsandthrce^dimcnacmalinusi^^ milljmetcr (about 0.04 inches). 

has also been known to produce partially tran^iarcnt film ^ is yet ano&cr object of die present invention to provide 

material having opaque striations formed within the sheet to such a sheet material wherein the lenses on the back surface 

produce the effect of louvers within die transp«-ent sheet are concave and of std)stantially less width tiian those mi the 

material Sudi louver simulating material has a Mgh trans- 45 fi^ont surface so that theic are intervening spaces between the 

mission coefficient for light energy in certain directions concave lenses and such surfaces arc fiat and adapted to be 

while having a very low or near-zero light transmission imprinted wifli a solid color or an information imparting 

coefficient for other directions. The louver simulating sheet pattcm ^ch may be viewed from oWique angles from the 

material could have louvers erf lig^ absorbing or light surface <rf the sheet material, 

reflecting cwnposition. Bxan^les of such prior devices for 50 BRIEF DESOUFITDN OFTHE DRAWINGS 
directional transmission erf lig|it energy and images are 

shown in U.S. Pat No. 3,653,138 (UJS. CL 40/130R) and Other objects and advantages of the present invention will 

U.S. Pat No. 4,021,945 (U.S. CL 4(y28C). Other patents ^ apparent fitjm consideration of the following descriftion 

disclosing lenticular lens arrays arc cited as references in conjunction with the jq)pcnded drawings in 

U.S. Pat No. 5303,525. 55 P^^- 1 is a greatly enlarged sectional view cf an image 

According' to the present invention, a transparent cr transmission sheet material according to die invention; 

partiafiy transparent sheet material is provided which has FIG. 2 is a top plan view trf sheet nuteial as shown in 

lenses formed on bodi&efixmt surface and the back surface ^y^% advertising graphic material imprinted 

of the ^eet In the preferred embodiments the lenses on one thereon; 

of the surfaces wiU have a larger radius <rf curvature (and a 6a PIG- 3 is a greatly enlarged pcr^jectivc view from the 

longer focal length) than the lenses on the other surface. bottom <rf the material of ¥IG. 2, showing the area indicated 

Also in the preferred embodiments the lenses with the larger by 3 in FIG. 2; 

radius of curvature will substantially cover the surface on FKi. 4 is an illustration of a prior art Galilean telescope 

which dicy are formed with substantially no intervening flat useful in e^laining the invention; 

surfaces while the lenses with the smaller radius of curvature 65 FIG. 5 is a greatly enlarged sectional view of an altcma- 

wiU also have a smaller aperture, and, as they are equal in tive form of sheet material useful in solar energy control 

number to the larger lenses, there will be a ^ce between the app>lications; 
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FKj. 6 is a greatly enlarged isometric view of another 
altematrve fonn of sheet jnatenal enjoying ^hencal rather 
than lenticular lenses; and 

HG. 7 is a sectional view of still aiK)ther alternative fonn 
of sheet material employing K^eiian rather than Galilean 
telescope pdndples; 

FIG. 8 shows a pnor art KcpLamn telescope useful in 
c:q>]aining the operation of the sheet material of FSG. 7; 

FKj. 9 is a partially schematic Ulastration of 4)panUus for 
producing sheet material according to the invention by a roll 
onbossing process; 

FIG. 1# is a greatly enlarged fragmentary sectional view 
of the embossing roll portion of the ^iparatus of FIG. 9; 

FKj. 11 is a fragmeiktary perspective, partially schematic, 
view of optional apparatus useful in producing an alternative 
fonn of sheet material according to tiie invention. 

EMSTAILED DESCRIPnON 

Referring to the drawings and particulaily FIGS. 1, 2, and 
3, a sheet material 711 is shown which is formed of 
transparent plastic material wfaidi may be very flexible, 
somewhat rigid, or very rigid. Plastic matmals that may be 
employed indude polyvinyls, acrylics, or other forms of 
polymerized organic con^xmnds. While organic plastic 
composition is preferred for the sheet material 711, it would 
be possible to imf^ment the invention with ^leet material 
fcxmed of glass, or other non-plastic materials. The primary 
uses of the invention involve visible Ug^ bat its use with 
infrared or ultraviolet light is not precluded. 

The top or first surface of the material 711 has converging 
lenses 721 formed tiicrcin as smooth convex cylindrical 
protuberances in 21. The bottom or back surface of the sheet 
material 711 has indentations 719 foaocd therein wtoch are 
smootti, concave, cylindrical surfaces acting as diverging 
lenticuUr lenses. 

The lenses 719 are registered with lenses 721 and in the 
cxan^e of FIG. 1, lenses 719 are optically coaxial with 
lenses 72L Lenses 719 are of lesser width than lenses 721 
and the spaces between kttses 719 resulting from this lesser 
widdi are generally flat or planar surface portions 72$. 

In HG. 1 certain dimensions and locations are assigned 
reference letteirs for convenience in explaining the inven- 
tions. The overall thickness of the sheet material 711 is 
designated by t Hie center to center ^>acing of the lenses 
721 which is also the center to center ^mcing of the lenses 
719 is designated P. The lenses 721 and 719 in FIG. 1 are 
illustrated as being cylinders having circular arc 
configurations, but it will be understood that more onnplex 
shapes such as ellq>tical cylinder shapes or otticr non- 
circular shapes could be employed in accordance with 
known optical techniques. 

Id fig. 1 the center of curvature of the circular surface of 
one of the lenses 721 is indicated at C,. The center of 
curvature of the oocrc^xMiding concave lens 719 drcular 
surface is indicated at C^. The conc^XNiding radii of cur- 
vature are indicated by reference letters R, and The focal 
point for the lenses 721 and 719 substantially coincide and 
are indicated at f in FIG. 1. In accordance with known 
optical phnciples the focal length and focal point noay be 
determined from the effective radii of curvature and R^ 
and the index of refraction of the material of which sheet 711 
is formed. 

Also illustrated in FIG. 1 is the fact that parallel rays of 
Ught indicated at 731 and 732 whidi arc caused to converge 
by lenses 721 will be caused to diverge by lenses 719 by just 
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die amount necessary to restore them to paralldisuL This is 
a consequence of the fact that focal points of the lenses 719 
and 721 are ^)proximately coincident 
The optical cfaaractenstics and functions of the tnui^>ar- 

^ ent sheet material illustrated in FIG. 1 can more readily be 
under,stood by considering the sdicmatic diagram ot a 
Galilean telescope shown in FIG. 4. A Galilean telescope 
normally comprises a single converging objective convexo- 
convex lens 2 and a single diveigiDg ocular convcxo- 

10 concave lens 3. When used as a telescopic viewing device 
the arrangement in FIG. 4 would view an obfect far to the 
left with the viewer's eye placed relatively dose at the right 
of ocular lens 3. For focusing on an object at infinity (a 
relatively great distance) the distance between the objective 
lens and ocular lens is ac^sted so that the focal point of the 
objective lens (F^) substamdaUy coincides with a point F2 at 
a distance from flie ocular lens equal to the focal length of 
the ocular lens. 
Tlie Galilean telescope provides a limited amount of 

^ image magnification equal to die ratio of the longer focal 
length of the ol^ective lens to the shorter focal length of &e 
ocular lens. This is indicated in FIG. 4 where a ray desig- 
nated 4 from a distant point is shown to have an angle of 
incidence W at the objective which after passing through 

^ objective 2 and ocular 3 has a SBbstantiallygfcatcr angle W. 
The Galilean telescope has a disadvantage of low 
magntfiraHon^ but has the advantage of producing an erect 
image raflier than an inverted image. Neither the degree of 
magnification of the GaHkan optical system nor the fact that 

^ is presents an erect image is of particular importance in 
regard to flie present invention. 

The Galilean telescope has anodier characteristic \^ch is 
iixqxvtant, however. The position of the object being viewed 

^ and the eye <rf the viewer can be reversed fitm that previ- 
ously described so that the viewers eye is to the left of the 
objective and the object to be viewed is to the light of the 
ocular. In this situation particularly, the distance of the eye 
of the viewer frmn the objective 2 is of litfle consequence. 

^ When objects are viewed in reverse fashion through the 
Galilean telescope, the image is diminished rather than 
magnified, but as will be seen, this is not significant as 
respects the present invention. It should be pointed out that 
Galilean telescopes have normal circular lenses whereas the 
lenses that are described relative to FIGS. 1, 2, and 3, are 
lenticular lenses. Thus, the optical effects described above 
are observed in only one dimension, and in the dimension at 
right angles to that one dimension there is essentially no 
convergence or divergence, or other optical effect for angu- 

^ larly incident rays. 

Referring now particular to FIGS. 2 and 3, FIG. 2 shows 
the appearance of a large area of sheet 711 on ^^lich there 
has been imprinted an image 723. The image 723 may be 
any type of decorative or informative gnqiiic or textual 

55 information; in FIG. 2 it is represented as product identifi- 
cation as migiit be used in sheet material used for packaging 
film. FIG. 2 rq)resents the appearance of sheet material 711 
when viewed torn a direction that will cause the image 723 
imprinted on the back of sheet material 711 to be visiUe. 

60 FKj. 3 is a pcrq[)ective view of a greatly enlarged fi^- 
mentary pcxtion ot the sheet nutoial indicated by the 
dashed circle aiKl identifying numeral 3 in FIG. 2. In 
addition to showing the convex lens surfaces 721, the 
concave lens surfaces 719, and the intervening flat surfaces 

65 720, imprinting 725 is shown wfaidi produces the image 723 
seen in FIG. 2 as will be explained herdnafler. It will be 
noted that the iinprint 725 on sheet material 711 is only laid 
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<k)wn on pQilions of tfacktcrvening flat surfaces 729. E win when the entry angle relative to <^cal axis (incidence 

usually be desired to pdnt that poition of the flat surfaces angle) of lig^t rays becomes greater. 

72» not within imprint 725 with a white pigment or othca* The eflFects <rf q)herical aberration may be rendered 

background shade or color. Conventional plastic film print- innocuous by limiting the angle of incidence that the system 

ingequq)ment and techniques may be used for imprinting rf 5 accepts and genexaUy a limitation of plus or minus 10^ 

sheet material 711 if it is thin and flexible film suitable for ^ould suffice to pomit the use of drcula- arc aoss-section 

P^ciagmg, lenses without observable deficiencies due to spherical abcr- 

Although it is believed that the function and operaticMi of ration, 
the directional image transmission sheet 711 is apparent The adverse effect of spherical abaration arises because 
fixm the previous dcscr^on, die function may be more 1° the cnxailar arc cun^e does not provide the ^)I«t]i«iatean^^ 
fully c^rfaincd as fd^ows. The convex lenticular lenses 721 of inddcocc for a ray parallel to and distant ftom flie optical 
and the concave lenticular lenses 719 are prop(Htioned with axis with the result that the refraction angle for such rays 
re^>ect to radius of curvature and arc spaced apsai by a causes them to have a focal point doscx to the lens than for 
distance that rdates to the index of refraction of the trans- near axial rays, hence causing ixapcrfcd focusing, b &e 
parent material <rf sheet 711 in a way sudi that each pair of 15 optical art asphcric lenses have been dcvdoped to greatly 
lenses 721 and 715> functicHis in a manner similar to a reduce tiie effects; of ajAcrical Aberration and such tecb- 
Gaiilc«ii tctcscopc (usiUiily, but nut alwayss unc focused at niques can be enq>loyed in the design of the optics of sheet 
infi™*y)- material according to the present invention. The consider- 
In FIG. 1 the center for the circular or near-drcular arc of ations involved with the lenticular Imscs illustrated in FIG. 
one of the lenses 721 is indicated at C| and the center of ^ 1 and described above are essentially the same as those 
curvature of the arc of one of lenses 719 is indicated at C2. involved in known lenses of asj^cric configuration. Also, as 
In the embodim^t illustrated in FIG. 1 the focal points of well known in the art, a lens system m^ comprise spherical 
lenses 721 coincide wifli the focal pmnts ci lenses 719 and and a^eric lenses such that all corrcctiQn is made in only 
one such coincident focal pdnt is indicated at f. It is notaUc one lens. It may be pref ened to correct the system oi lenses 
that while one might think it desirable to have the c^iters of ^ 719 and 721 by appropr i ate a^cric configuration of only 
curvature for lenses 721 and 719 be coincident, tiiis has been concave lens 719. 

in frict found to be undestraUe and substantially inoperative Although complex mathematical calculations are 
for indices of refraction of ccHumon m a tfri a l enqiloyed to generate lens curvatures with asphcric proper- 
Certain useful dimensions are labeled in FIG. 1 with the ^ ties and sucb curves may not conform to sinq)le ge(»Detric 
thickness of sheet material 711 at its thickest points bdng functions, an ellqitical curve cross-section is a sin^ geo- 
designated t, the effective radius of curvature of lenses 719 rnetricformwfaicfamay be em^doyed to, in part, alleviate the 
being designated and the radius of curvature of lenses problem <^ sj^erical abenation. Herein the tenn **elliptical 
721 being designated Rj. The center-to-center distance or curve or eU^cal lens** should be understood to appky 
pitch of the lenses 721 (and also of the lenses 719) is ^ generally to arcuate curves altered from pure circular shape 
designated R The distance between centers of curvature C) to alleviate qiherical aberration effects, even when they do 
and C2 is designated D. not conform strictly to the classic formula of an cllq>sc. 

Table 1 hcrcinbdow gives encmplary dimensions for the EIt^)S(Mdal or elliptical-cylinder (aspherical) lens satfices 

she^ material cmbodinient of FKr. 1 and alternative that may be employed are, for an index of refraction of 

embodiments. The optical function of flie sheet material of ^ 1,586, a major to minor axis ratio <^ 1.29; and for an index 

FIG. 1 is similar to fliat of a Galilean telescope focused at of refraction <^ 1.5 a ratio of 134. Suitable cU^cal- 

infinity in that rays indicated at 731 and 732 vridch enter a cylinder lens sorfruxs for any index of refraction can be 

lens 721 with parallel directions of propagation are coo- calculated by Sncll*s law and conventional ray tracing 

verged within sheet material 711 but are then diverged by a techniqaes. 

lens 719 wtoeby they arc again rendered approximately 45 The discussion above with respect to the convex lenses 

paralleL 721 is generally i^)plicable also to the concave lenses 719. 

¥<x some uses of dicet material such as 711, one may In FIG. 1 the radius of curvature of lenses 719 is one-half 

prefer that the telescope effect of die lenses 721 and 719 be tiiat of lenses 721, but the angle subtended by the arc of 

altered to, si'miilalri a Galilean telescope focused at a closer lenses 719 is apprcodmatdy the same 60°. Accordingly, 

distance rather than at infinity, and in such case, the lenses so lenses 719 occupy only half of the back surface of sheet 

719 and 721 would be spaced farther apart and their focal material 711 and the other area is occupied by the fiat 

points would not exactiy coincide. To some extent, die intervening spmxs 72#. Although conventional refracting 

lenses 719 and 721 are operative for the invention functions lenses are disclosed herein, lens-like functions can be 

when closer than at coincident focus distance, but this is not obtained with holographic lens based on diffraction 

usually preferred. Generally lens ^»cing is preferably from 55 phenomena, and substitution of hologri^ifaic leases for ttK»e 

0.8 to 1.2 times the coincident focus distance. specifically disclosed may be feasible and desirable in some 

hi FKj. 1 lenses 721 arc focmcd of circular arc cross- circumstances, 

section subtending an angle of j9>proximately 60° (p^s and From the above discussicHi and reference to PIGS. 1, 2, 

minus 30°). In sowt apptications, such as solar energy and 4, it will be seen that the sheet material of FIG. 1 

control film, one may wish to have arcs of cross-section 60 provides a screen-type optical arrangement which provides 

subtend greater angles up to 90° or 120° to adueve a greater a dear image of objects viewed through the sheet material 

range of acceptance angle for the optical arrangement In from the top in FIG. 1 when the viewing angle does not 

other cases one may wish to have the arc of lenses 721 exceed 15° to 20°; when the viewing angle exceeds about 

subtend a lesser angle than 60°. It is well known that 20°, the viewer sees instead a magnified rqx^ntation of 

spherical or cylindrical lenses of circular arc cross-section 65 the muttiplidty of flat spaces 72# imprinted with gn^)hic or 

suffer from a defidency known as ^herical aberratioa. The textual printing pigment 725. Bodi in cases of dOTectivdy 

efi'ects of ^erical aberration become more pronounced transparent image viewing^ and of imprinted mask viewing, 
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the viewed images an condensed in the sense that they are qipiications where solar energy control or directional light 

only strip samples of the full image, but the strips are so masking is desired while ""■'"»«■'»■"£ the characteristic of 

small and so dosdy ^ced that ttiey give the appearance of image transmission through the sheet material for certain 

a comfdete image in a manner similar to the lines ol a directions. While it is conteiiq>lated that the usual airange- 

television screen dispUy. S joaA of sheet material 25 would be with the longitudinal 

RefiGiring now to FIG. 5, an alteniative embodiment of axis of the lenticular lenses horizontal as indicated in FKj. 

sheet material 25 is shown which is particnUvly adapted for 5, windows facing in cotain directions migU benefit from 

solarenogy control applications as described in prior appli- the application of sheet material 25 with a votical orienta- 

cation Ser. No. 07/948,109, now U.S. Pat No. 5303,525, the tion oi the longitudinal axis of lenticular lenses 11 or from 

idevant subject matter of whidi is incoporated hoeiii by an oUiqne orientation tbtxeal. 

reference. Sheet material 25 has ooovra lenses U and e should also be noted that whereas the lenses 42 and 11 

OMicavc lenses 42 ^cfa corrc^nd gcneraUy to lenses 719 no. 5 are represented as being substantially coaxial, they 

and lenses 721 in FIG. 1 and FIG. 3. Lenses 11 and 42 in ^ j„ so that the Gafflean 

HG. 5 have arcuate surfaces which subtend a sobstanhafly i„ ^ „^ ^ 

greater angle than m FIG. 1 to enhance the »>lar energy « downward by an angle of a few degrees up to appfoxiinatdy 

control properties of the sheet matcnal of HG. 5. Howevei. ^ axes for the lens pairs mav 

only rclativdy small angular extents of the arcuatcly cary^ ^ non-perpendicular to Ae surfaces of the sheet WaiaL It 

surface of lenses 42 and U cooperate to function in the ^ „^ Kx^cssaiy that the lenses from one surface be in 

manner of a Galilean tdesoope. Accordingly, fte problem of ^ ^ ^ ^„ „^ that is that they 

spherical abetn^on with the optical sj^tem of FIG. 5 is not 20 have the same relative orientation as to cadi pair of lenses, 

severe as it might appca However the sheet inatenal of ^ ^^^^^ 1, 2, and 3, may also be 

HG.5cMuldakobeiiiodified totovelenscs lland/orl^ modified to shift lenses 71* with respect to lenses 721. 

^ofeUmtical or odiernonctrcularcross-sectioD to provide , . ^ ^ ^ .. 

an asphcdcal lens effect and further reduce spbedcal aber- ^ < a modiflcation of sheet mMenal according 

^^Q^ to the present invention which employs si«encal, 

* . - ^ 1 ^-fc • ^ ettfewoidal, or a s pberical )isbscs rather than the lenticolar 

Th« are mtovemng A- spaces 41 betwca lens«»« m ^ loSr^nG. 5. Sheet material 151 is i«ovided 

HG. 5 genoally conespoDdmg to fl*jpi«» 72» in FIG L ^ ^ of lenses 153 in the form of ^boical 

However, it will not gcQCialty be dcsiraWc to iinpnnt flat ntwo'ections 

spaces 41 with gFuhic or textxial patterns since these may be , ' 

substantially leUcd upon to transmit soUr radiation for Iw 30 These lenses 153 may be ammged ma rc^ 

to modaatc sun elevation angles, aU as explained in the «^ rows and columns as indicated m HG. 6 or may be 

prior i^jplicadon, Ser. Na 07/^8,109, U^. Pat No. 5303, arranged in a hexagonal array. Lenses 153 may have small 

mtervemng spaces between mem as shown m FIG. 6, or mey 

An indentation 43 and sheet material 25 extends more ^ ^^'^^ ^ ^ ^ °^ intavening spaces, 

deeply into the sheet material tfianlcnscs 42, and therein is 35 The back side of the sheet material 151 is provided wiA 
located a mask 47 highly reflective material, such as a * rectar^^ular anay of concave lenses 161 which are in 
paint, ink cr coating having a white, substantiaHy opaque ^ ^"^^ ^ "^^^ fiont side. The radius <rf 

pigment Althou^ the mask 47 is shown as a relatively thin curvature and the aperture diameters of lenses 161 are 
layer, it may have greater thickness «■ may substantially fill approximatdy half tiiat of lenses 153, leaving intervening 
indentation 43. The arrangeanent iUustratcd in FIG. 5 40 spaccs 165 between lenses 161 which may optionally be 
indudcs a mask portion 44 residing at an acute angle with imprinted wifli a solid color pigment or imprinted with a 
the adjacent flat space 41. This has the effect of increasing graphic or textual pattern. 

the width <^ the fiat spaces 41 and, hoice, the size of the A sheet material of FIG. 6 virtually cone^xHKls to sheet 
window for accqjted solar energy, but the mask portions 44 material 711 of FKj. 1 cxcq)t that the array of lenses is 
might as wdl be placed at a right angle or slig^itly obtuse 45 two-dimensional, rather than one-dimensionaL The lenses 
an^ relative to flat spaces 41 to fiicilitate the f cnnation of ^nay have a diameter less than one millimeter; die actual 

sheet mafffrial 25 in an embossing cr other forming process. i^Jpcarance <rf a sheet matrri a l , particulady at a distance. 
As win be apparent from the prior descrqjtion and from FIG. will be much different than that perceived in the greatly 
5, the sheet matoial 25 provides the advantage of soiar enlarged view <rfFlG. 6. The primary fiinctiooal difference 
energy control whereby li^t arid solar energy ^ winter-time so of sheet material 151 relative to sheet material 711 is the feet 
low elevation sun angles is allowed to pass through convex that its directional characteristics are two-dimensional rather 
lenses 11 and tfarou^ flat spaces 41 (and possibly lenses 42) than one-dintcnsionaL Whereas sheet materials 711 of FIG. 
whereas at summer-time high elevation sun angles, direct 1 through FIG. 5 restricts image transmission within a 
solar energy is tntacq>ted by masks 47 and reflected bade limited angle only from rig^it to left, there is substantially no 
out (tf sheet 25. Thus, solar heating is encouraged and 55 such limitation in other directions. Sheet material 151 of 
faciHtited during winter izK>nths and undcsircd heat loading 6 has two-dimensiooal limited image transmission 

fitxn solar energy tending to increase air conditioning costs capabiKty, both within angles to the rigjit and left and angles 
is greatly diminished during summer months. The sheet down. The sheet material of FIG. 6 is useful in 

material of FIG. 5 has the additional advantages described packaging applications similar to those previously 
with respect to the sheet material of FIG. 1 in that a viewer 60 described, solar energy contrtrf plications, and in other 
whose line <rf sight is substantially perpendicular to sheet applications. The cxenq>lary dimensions of libk I cx Table 
material 25 will have a dear view of objects on the opposite H ^ *^ ^jj^caWe to the system of FIG. 6. 
side of the sheet material 25 due to the operation of lenses A further alternative embodiment of the invention is 
11 and 42 in the manner of a Galilean telescope. Sheet illustrated in FIG. 7, an understanding of which will be aided 
material 25 has numerous potential supplications sudi as for 65 by reference to FIG. 8 showing the basic configuration of a 
windows in residential or other buildings, shop or store Keplerian telescope. The Keplerian telescope shown in FIG. 
windows, counter screens, vehicle windows, and other 8 in diagrammatic form will be seen to consist of two 
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convexo-convex coovcrging knses 4 and 5 latfaer than FIG. 7 shows a feature for sheet material 751 which was 

having one converging and one diverging lens, as does the not illustrated in connection with the descrq>tion of sheet 

Galilean telescope illustrated in FIG. 6. For focusing at material 711 in FIGS. 1, 2, and 3, although such a feature 

infinity, the ^>acing between lenses in FKj. 8 is such that could be incoixxivated there if desired. By fonniiig the sheet 

they are spaced apart by the sum of their focal lengths 5 material 751 of two different layers 753 and 755, one can 

cau^g focal point F^' of the objective kns 4 to coincide select the matm'als of layer 753 and 755 to have different 

with the focal point F2 of the ocular lens 5. optical properties, particulariy the property of dispersion. 

A ray diagram shows that the noamally obscived angle of Thus, one can utilize the known optical design techniques of 

departure W of an object from the optical axis is substan- using different materials with difFereot optical properties to 

tially magnified to an angle W with a ratio Of magnification overcome deficiencies caused by the phenomenon of chro- 

being equal to the ratio of focal lengths of the objective and malic aben-ation. It should be noted that while this feature of 

ocular lenses. As was tfie case with the Galilean tdesccpe two layers of sheet n^atcdal with different optical properties 

fcm of optics, there is little cr no significance to the was not illustrated in connection with any of the cmbodi- 

magnification factor in the application of the Keplciian f^^S. 1-6 for the sake of simplicity, two layer 

telescope fcfmofobiccts to directional image transmission , materials could be cn^loyed as described with reference to 

sheet material acco«ling to the invention. It wiU also be ITC. 7 in the sheet material 7U of FIGS, M 

mncd that coutaary to &c Galilean tciescope, the Kepieiian "^^^ previously described. 

telcscopei»oducesaninvertcdimagc.Itisbdicvedthatthis '^'^PA H"^^ «anplary din^ions tor sheet 

wiUhaveaninsignificanteffectintheformof sheetmaterial "^"^i "1^^^ ^"^"^ ""^^ T^*^ Tu^ 

shown in HG. Tbecause the total image viewed by the ^ suiUble for fee Kq,iemm 

, . . ^ ' . 20 material illustrated m FIG. 71 

observer is made up of hundreds of tony Ime images so that ™* ^ . , . , . . _, 

the inversion of each line image would be unobserved as a ^^f" ^ 

rractical mattrai suitable for the fonn of sheet material <rf FIG. 7. TABLE 2 

. ■ , «i . u dimensions would not nonnally be suitable for sheet mate- 

Refemng now to FIG. 7, sheet material 751 is shown rials such as illustrated in HG. 1 having a convexo-concave 

fonned of two Uycrs(rf transparent plastic material 753 and 25 lens system cr in the sheet materials illustiated in FIG. 5 and 

755joinedalongadot-dashHiie757asbyfiisiBgoradhcxiBg is Hfo. #. If anr of the sheet material, particulariy that of 

the two different materials together: HG. 6, was naodified to the Kepkrian form illustrated in 

The top or fincMit surface ai sheet material 751 comprising FIG. 7 dien the excn^laiy dimensions of TABLE 2 would 

layer 753 has fonned therein a multq>licity of convex lois be apfdicable. 

sinfaces 771 very similar in form and function to the lenses 30 The configuration of the sheet material 711 as shown in 

711 of FIG. 1. On the bottc»n or bade sorfiK^ of sheet FIG. 1, or sheet material 25 as shown in HG. 5, is particu- 

material 751 fonned by layer 755 there are formed a larly well suited to economical manufacture because regis- 

multiplicity of small radius convex lenses 769 which are tration txtween convex lenses 721 fonning projections, and 

separated by substantially flat surfaces 77f . concave lenses 719 fonning indentations can be assured in 

Each pair of lenses consisting of one large convex lens 35 a single embossing operation by which the sheet material 

771 and one small convex lens 769 functions as a Kej^erian 711 or 25 may be formed. 

telescope. In the p re f cr i ed embodiments the lenses 771 and FIG. 9 shows a schematic iltustration of a configuration of 

769 will be configured so that the focal points of the lenses generally conveorional manufacturing apparatus whidi is 

coincide as shown at f with the result that the Kcplerian suitable for forming sheet matmal 711 or 25 as shown in 

telescope will he focused at infinity and parallel rays 761 and 40 FIG. 1 or FKj. 5, for cxain{4e. A sheet extruder 33 of 

763 converging at point f will thereafter diverge before conventional form extrudes a thin sheet 37 of plastic sheet 

reaching lens 769 where they will be converged to parallel- material throi^ a nozzle 35. The sheet 37 may be firom 

isuL Pertinent points and dimensions on FIG. 7 are indicated about one foot to several feet in width, and, for example, 

by reference letters cocre^x>nding to those in FIG. 1 with P may be about 0.04 inches (1 millimeter) thick. The sheet 37 

indicating pitchy Cj and C2 indicating centers curvature of 45 passes immediately to embossing rollers 38 and 39 which 

lenses, and R,^ and R2 indicating lens effective radii of are dulled rollers typicafiyhaviiig a configuradon as shown 

curvature; thickness of sheet material 751 at its diickest in FIG. 1# tberdiy shaping the sheet 37 in a manner similar 

points is designated t The distance D between centers may to that shown for sheet 711 in FIG. 1. Alternatively, the 

be calculated; I>=t-(Ri+R2)- extrusion process could be carried out separately and sheet 

The fiinction and operation of sheet mjrf<^ai 751 shown 50 37 (if a thcimcplastic material) could be reheated before 

in FIG. 7 will be generally similar to that of sbcdt material passing through rollers 38 and 39 for the embossing process. 

711 shown in FIG. 1 as it has thus far been described. One As shown in FIG. 16 it is preferred that embossing is done 

notable difference is that when viewed from the top or front to produce the elongated lenses 721 generally parallel to the 

side through lenses 771, the fiat spaces 776 are sonoewfaat direction of travel of sheet 37. Thus, it is a stn^e matter to 

beyond the focal point F of lenses 771, and, hence, any 55 control registration ofconcave lens indentations 719 rdative 

imprint on flat surfaces 779 will be out <^ focus. Thus, for to lenses 721 by adjusting and fixing the relative position of 

use in packaging film as illustralod in FIGS. 2 and 3, there arcuate gnxxves 149 redarive to projjections 143 as shown in 

would be a slight disadvantage for Ihc attcmative embodi- FIG. It. Embossing rollers such as 38 and 39 are sometimes 

ment of HG. 7. Another disadvantage in use of the altema- machined with a beUcal cut for production of grooves 149 

tive embodiment FIG. 7 where patterns are to be 60 and projections 143, in wfaid) case the direction of the cuts, 

imprinted on fiat surfaces 779 is the tact that sndi flat their pitch and the diaoieters of rolls 39 and 41 must be 

surfaces are recessed between the projecting convex lenses matched so fliat the registration wiU be maintained as rolls 

769, substantially precluding the use of coimnon conven- 39 and 41 turn at the same speed in opposite directions. Of 

tional printing techniques which can be employed with sheet course, if the grooves 149 and the projections 143 are cut as 

material 711 shown in FIGS. 1, 2, and 3. Sheet 751 also has 6S a series of circular elements rather than helically, the relative 

a possible disadvantage in having focal point f within the rotational position or diameters of rolls 38 and 39 is of no 

sheet 751. consequence. 
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It may be desired to provide additional cooling (not 
shown in FIG. 9) for sheet 37 aftci passing through tolls 38 
and 39. In some cases it may be desired to provide sheet 37 
with a film backing to create a generally flat surface on one 
side of die finished sheet matedal. It may be convenient to 
^3ply a backing sheet 54 in a continuous operation. A 
baddng sheet 5( is laid down on sheet 37 from a siqiply roU 
(not shown), after which the sheets arc pressed together by 
nip rolls 51 and 53. RoO 53 is preferably provided with a 
cushioning pad 55 of rubber or other elastomenc matedal to 
prevent d^nage or distortion to the leas fooning projections 
sudi as 721. The pressure between rollers 51 and 53 assures 
that adhesion of sheet 56 to sheet 37 is permanent to form 
con^>osite sheet 57. Adhesion can be focQitated by heat or 
Ihe application oi adhesive if desired. 

Apccferred material for sheet 37 is polycartxmate plastic. 
Odier suitaUe materials in particular circumstances may 

plastic, and other thennoplastic or thermosetting traiLq>arent 
materials. 
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of total thickness. The thickness of the fiat transparent sheet 
56 may be about one-third of the thickness of sheet 37, but 
this dimension is variable within wide limits, and in many 
^)plications the sheet 56 would be (»mtted entirety. 



Thus, it will be seen firom FK3S. 9, It, and 11 that an 
in^xxtant advantage of tiie configaration of sheet material 
10 shown in FIGS. 1 and 5 is the ease with which such film can 
be manufactured by generally conventional processes, and 
the fact that film having very small lenticular lens radii 
below 1.0 nuUimeter (0.04 inches) can be eiiq)loyed with 
ease because the lenses and the mask forming elements are 
produced and located in a single operation embossing or 
the like. Alternatively, other processes than rdl embossing 
may be used to fcon sheet material such as sheet 711, 25, 
151, or 751 as convenient 



TABLE I 

Concave wtlfa Coctcx 



REFRACTION ETHBCIIVE C, toC, TOTAL ANGULAR 

THDEX PITCH RADII DISTANCE THICKNESS WIDTHS ASPHERKAL 

(N) (P) (R„Ra) (D) (t) (A,,A,) YESWO 



1^ 0.2 nmi 0^-0.1 mm 0.2 nm 0313 mm 6Cr,60* NO 

IS 0.4 nm 0.4,-0.2 mm a4 qmu 0.62 mm 60^,40^ NO 

15 0.4 mm 0.4,-0-2 mm 0.4 nm 0.627 mm 60^,60^ YES 

1.5 0.6 nmi 0.6,-^-3 mm 0L6mm 0.96 mm 60"^ YES 

1.5 0.6 nmi 0.6,-03 mm 0.6 mm 094 mm 90*,60^ NO 

1586 0.1083- 0j0625,-i)3125" OJOSfT 0j0969" 120',120' NO 

1.566 0.08«4- Oj0625,-i>312y 0.045" 0i»54- 90*^ NO 

1J86 0.0304" 0.025,-i)125- 0020" 00351" 75»,75'* NO 

1.586 0.025" 0.025,-J0125" 0D20" 00351" eo^^S" NO 

1.586 0.025" a025,-j0125" 0205" 00356" 60*,75* NO 

1.586 0.025" O.O25,-j015" 0.016" OU0291" 60".75* NO 



TABLE n 



Copycg Willi CoBWPc 



REFRACnON 




EPracnvB 




TOTAL 


ANGULAR 




INEEX 


PTTCH 


RADn 


DISIANCE 


THICKNESS 


WIDTHS 


asfherical 


(N) 


(P) 




(D) 


(t) 


(A,At) 


YES/NO 


1.5 


0.2 mm 


OJgO.l mm 


0.6 am 


0L9mm 


60',6a' 


NOJ«> 


1-5 


Oj6 imn 


0.6^02 mm 


1.6 mm 


2.4 mm 


60*^ 


NO,YBS 


1.6,1.4 


0.4 TTwn 




1.2 nm 


1.8 mm 


60»60» 


YES,NO 


IS 


041 mm 


0.8j0.6mm 


2.8 nm 


4.2 mm 


30°^ 


NOJJO 



SuitaUe axnpositions for opaque mask material 47 may 
indude polyether {Mastics, celhilosic plastics, or one d the 
above mentioned plastics with a dye or coloring agent 5S 
dispersed therein such as caldam caitx>nate, magnesiim 
oKide, or other conventional white pigment or dye. 

Plastic sheet 54 is preferably foraoed of the same material 
as i^astic sheet 57, or may ahernativdy be formed of 
polyvinyl chloride, acetates, polyethylene, polypropylene, 60 
or acrylic plastics 

The sheet 711 in FIG. 1 may have a total thickness 
indicated at t from 0.004 inches (0.1 millimeters) to 0.2 
indies (5 millimeters). Typically Ac effective radius oi 
cunrature of the lenses 721 fonncd in sheet 711 will be about 65 

to ^3 of such total thickness. Lenses 771 in sheet material 
751 (FIG. 7) typically will have effective radii about Vfcto 



It should be noted that the sheet 56 which optionally is 
laminated to sheet 711, sheet 25, sheet 151 or sheet 751 may 
be applied on either side of sheet 711 (or one of the other 
sheets) to form a composite sheet 57 as iUustrated in FIG. 9. 
For clarity and sinq)lidty the addition of a tninqsaient sheet 

uniform thidmess sudi as sheet 56 is not lOustrated in 
FIG. 1, FIG. 5, FKj. 6, or FIG. 7. B is ^>pnrcnt, however, that 
the lamination of sudi a sheet over dther one of ffie convex 
lens socfaces or one of the concave lens surfaces wiU provide 
a substantially flat exterior surface for the sheet material 
which may be desirable in some cases. In addition, particu- 
larly when the sheet is applied over the surface having 
convex lenses formed thcrdn, a significant dead-air space 
will be provided dial will increase the thermal insulating 
properties of the composite sheet 57 formed of embossed 
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sheet 57 and unifacm thickness sheet 56. If desired, a further 
sheet of amfonn thickness similar to sheet 56 could be 
q>pUed to the ofipoate surface Gi sheet 37 thoeby forming 
a sheet matcxial of three layers with substantially smooth flat 
surfaces on both sides. 

From die foregoing description and explanation, it will be 
seen that the invention provides a dhiectional image trans- 
mission sheet and a particular pnxx:ss for making such sheet 
which has advantageous features for a wide variety oi uses 
including such divcne uses as wnqiping film and sdar 
enogy control sheet materia] for incorpGration in siding or 
windows for buildings or other stnictures. In addition to the 
modifications and variations to the invention shown, 
described or suggested above, it will be apparent to those 
skilied in the art that numerous other modificatioiis may be 
made to better suit the uses or dircumstanoes for wtuch the 
sheet material is to be enq^oyed. Accordingly, the scope of 
the invention is not to be considered limited to those 
embodiments shown, described or suggested herein, but is to 
be detennined with reference to the appended claims. 

Although the theory of operation and design factors 
presented above is believed correct, the operafaility, utility, 
and advuitages of sheet materials according to the invention 
should be based on actual results and performance thereof 
rather than upon theoretical priiK:q>les or mathematical 
analysis. 

What is claimed is: 

1. Apocttalty transptareot sheet for directional light trans- 
missiott and image viewing comprising: 

a body of at least partially transparent soUd material wiA 
a predetermined thickness substantially less than its 
other dimensions, and having a front surface and a back 
surface, 

a mnltiplidty oi convex lenses witti a predetermined 
index of refraction covering a substantial area on said 
body front surface with each of said lenses having a 
least transverse diniension of less than two rnillimeters, 
the effiective radius of curvature of said ooavcx. lenses 

being from 0.01 millimeter to 2.0 millimeters, and 
a mnhipiidty of concave lenses with a predetermined 
index of refraction on said body back surface, each 
being generally in register with a respective one of said 
convex lenses, the least transverse dimension of said 
concave lenses being less than the center to center pitch 
thereof, the radii of curvature of said concave lenses 
being selected with regard to the radii of curvature of 
said ocMivcx lenses, said index of refraction, and said 
body ttnckness to cause parallel rays converged by said 
convex lenses to be returned ap pt oxim ately to paral- 
lelism upon passing through said concave lenses, 
whereby said sheet when viewed in a direction nearly 
paralld with the paths from lenses on the front surface to 
corresponding lenses on the back surfoce ^ipears transpar- 
ent and transmits a substantially undistorted image, while 
said sheet appears non-transparent to images when viewed 
in a substantially difitercnt direction. 

X A sheet as recited in claim 1 wherein said at least 
partially transparent solid material is a flexible sheet of 
plastic with a thickness of from 0.02 to 4.0 millimeters. 

3. A sheet as recited in daim 2 wherein said convex lenses 
are formed integrally in said solid at least partially trans- 
parent material 

4. A sheet as recited in claim 2 wherein the least transverse 
dimension said concave lenses is less than three-fourths 
of the center to center pitch thcrec^. 

5. A sheet as recited in claim 1 wherein said convex lenses 
are formed integrally in said solid material. 
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6. A sheet as recited in claim 1 wherein said convex lenses 
and said concave lenses are lenticular lenses with substan- 
tially mutually paralld orientation. 

7. A sheet as recited in daim 6 wherein the surfaces of 
5 said convex lenses have an enq>tical cross-section. 

8. A sheet as rcdted in daim 1 wherein the distance 
separating each said concave lens from its cooresponding 
convex kns is between 0.8 times and \2 times the difference 
of the absolute values of the focal lengths thereof. 

9. A partially transparent sheet for directional Hght trans- 
mission or image viewing ccxnpdsing: 

a body of at least partially transparent material with a 
predetermined thickness, and having a front surface 
and a back sur&ce, 

a multiplicity of convex lenses with a predetermined 
index of refraction and focal length on said body fiooX 
surface with each of said lenses having a least trans- 
verse dimension of less than two millimeters and with 
the space between adjacent ones <^ said lenses being 
from zero to one4ialf millimeter, 

20 

the effective radius of curvature of said convex lenses 

being from 0.01 millimeter to 2.0 millimeters, and 
a mttlt^)lidty of secondary lenses with a predetermined 
index of refraction and focal length on said body back 
^ surface generally in register with respective ones of 
said convex lenses, die least transverse dimension of 
said secondary lenses being less than % of the center to 
center pitch thereof, the radii of curvature of said 
secondary lenses being sdected with regard to the radii 
^ of curvature of said convex lenses, each said index of 
refraction, and said body tiiidmess to cause die dis- 
tance separating each secondary lens from its corre- 
sponding convex lens to be between 0l8 times and 1.2 
times the algebraic sum of the focal lengths thereof, 
wherdyy said sheet when viewed in a direction nearly 
parafld with the paths from lenses on the front surface to 
corresponding lenses on the back surfu:e appctrs transpar- 
ent and transmits a substantially undistorted image, while 
said sheet ap^ctus non-transparent to images when viewed 
^ in a substantially different direction. 

!•. A sheet as recited in daim 9 wbaxin. said solid 
material is a sheet of tran^iarent plastic with a thickness of 
from aOl to 2.0 millimeters. 

11 A sheet as redted in daim It wherein said sheet is 
flexible and said convdx lenses are formed integrally in said 
solid material 

12. A sheet as recited in daim 11 wherein the surfaces of 
said convex lenses have an ell^cal cross-section. 

13. A partially transpvcnt sheet for directional image 
^ viewing conqirising: 

a body of at least partially transparent sc^d material 
having a firont surface and a back surface, 

a maltq;>lidty of convex lenses of a predetcnnined focal 
lengtfi on said body front surface with eadi of said 
55 lenses having a least transverse dimension of less than 
two millimeters and with the space between at^acent 
ones of said lenses being frxmi zero to one-half 
millimeter, 

the radius of curvature of said convex lenses being from 
60 0.01 millimeter to 2.0 millimetcrs, and 

a mult^>licity of secondary lenses on said body back 
surface, the focal length of said secMidary lenses being 
determined with regard to said body diickness to cause 
focal points of said secondary lenses to approximatdy 
65 coindde with focal points of said convex lenses, the 
least transverse dimension of said secondary lenses 
being less than % of the center to center pitch thereof. 
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whereby paralld rays converged by said convex lenses are 
returned appnxumatety to parallelism upon passing through 
said secondary lenses, and whereby said sheet when viewed 
in a direction nearly parallel widi die paths from lenses on 
the froDt surface to cocrcspoiiding lenses on the back suf ace 
appears tran^Muent and transmits a substantially ondistorted 
image, while said sheet appears non-transparent to images 
w\x>n viewed in a substantially different direction. 

14. A sheet as recited in daim 13 wherein said solid 
material is a flesdble sheet of plasdc with a thickness of from 
aOl to 2.0 millimeters. 

15. A sheet as recited in claim 14 wh^ein said convex 
lenses are fcxmcd integrally in said solid matprial. 

16. A sheet as rcdtcd in daim 13 wfaaein said convex 
lenses are fonncd integrally in said solid material. 

17. A sheet as redtcd in daim 13 wtoein said convex 
lenses and said secondary lenses are lenticular lenses with 
substantiaUy parallel orientation. 

IS. A partially transparent sheet for directional light 
transmission and image viewing comprising: 

a body of at least partially transparent solid material with 
a predetermined thickness substantially less than its 
o^er dimensions, and having a front surface and a back 
surface; 

a mu]tq)lidty of asphcric lenses with a predetezmiDed 
index of refraction covering a substantial area on said 
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body front saxUux with each of said lenses having an 
elliptical cross-section convex surface and a transverse 
dimension of less than two millimeters; 
^ the effective radius of curvature of said convex lenses 
being from 0.01 millinKlcr to 2.0 millimeters; and, 
a multtplidty of concave lenses with a predetermined 
index of refraction on said body back surface, each 
being generally in register witti a respective one of said 
10 asphcric lenses, tiie radH of curvature of said concave 
lenses being sdected with regard to the radii of curva- 
ture of said convex lenses, said index of refractioa, and 
said body thickness to cause paralld rays converged by 
said convex lenses to be returned ^)proximately to 
parallelism upon passing through said concave lenses, 
^iscreby said sheet whei; viewed in ?! ^vKciinn nearly 
paralld with the paths from lenses on the front surface to 
corresponding lenses on the bade surface appears transpar- 
20 ent and transmits a substantially undistorted image, while 
said sheet qipears non-transparent to images when viewed 
in a substantially different direction. 

19. A sheet as redted in daim 18 whcicin the surfaces of 
said concave lenses have an elliptical cross-section. 

25 
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